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(57) ABSTRACT 

Lubricant compositions comprise a lubricant base oil, and 
(A) a mono Substituted amide type bisSuccinimide in an 
amount from 0.5 to 20 percent by mass, (B) zinc dithio 
phosphate in an amount from 0.05 to 0.3 percent by mass of 
phosphorus, and (C) a metal-based detergent in an amount 
form 0.5 to 4.0 percent by mass of Sulfated ash, based on the 
total mass of the composition. Lubricant compositions pref 
erably further comprises (D) a dispersant type Viscosity 
indeX improver in an amount from 0.1 to 20 percent by mass, 
based on the total mass of the composition. 

6 Claims, No Drawings 
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LUBRICANT COMPOSITIONS 

BACKGROUD OF THE INVENTION 

1. Field of the Invention 

This invention relates to lubricant compositions, and more 
particularly to Such a lubricant composition which is Suitable 
as engine oils and highly effective in inhibiting sludge 
formation. 

2. Description of the Prior Art 
In gasoline engines, sludge is formed by the oxidative 

deterioration of the engine oil at elevated temperatures or the 
reaction between the engine oil and unburned fuel or blow 
by gases (NOx) Such sludge clogs the oil passages and 
Valves and increases the Viscosity of the engine oil, leading 
to malfunctions of the engine. Therefore, engine oils have 
been demanded to have the ability to inhibit the formation of 
Sludge as much as possible. Particularly due to the recent 
trend of high-powered engines and the decreased Volume of 
oil pans for energy-saving, the engine oils have been used 
under Severe conditions and thus been demanded to be 
highly effective in inhibiting sludge formation. 

Generally, gasoline engine oils are produced by blending 
a lubricant base oil with additives Such as ashleSS 
dispersants, wear inhibitors, and metal-based detergents. In 
the conventional blend formulation, polybutenyl Succinim 
ides have been used as ashleSS dispersants. 

However, known polybutenyl Succinimides are too insuf 
ficient in terms of the sludge inhibiting effect to establish a 
technology of prolonging the life of engine oils. 

In View of the foregoing, the object of the present inven 
tion is to provide a lubricant composition which has an 
excellent sludge inhibiting effect. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
lubricant composition which comprises a lubricant base oil 
and: 

(A) a mono Substituted amide type bisSuccinimide in an 
amount of 0.5 to 20 percent by mass; 

(B) zinc dithiophosphate in an amount of 0.05 to 0.3 
percent by mass of phosphorus, and 

(C) a metal-based detergent in an amount of 0.5 to 4.0 
percent by mass of Sulfated ash, based on the total mass 
of the composition. 

A lubricant composition according to the present inven 
tion contains preferably (D) a dispersant-type Viscosity 
indeX improver in an amount of 0.1 to 20 percent by mass 
based on the total mass of the composition. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention will be described in more details 
below. 

Eligible lubricant base oils in the lubricant composition of 
the present invention are any mineral oils and/or Synthetic 
oils which are used as base oil of conventional lubricants. 

Specific examples of mineral oils which may be used 
include paraffinic- and naphthenic-mineral oils which are 
produced by Subjecting lubricant fractions resulting from the 
atmospheric distillation and the vacuum distillation of crude 
oil to one or more refining processes Such as Solvent 
deasphalting, Solvent extraction, hydrocracking, Solvent 
dewaxing, catalytic dewaxing, hydrorefining, Sulfuric acid 
Washing, and clay treatment in Suitable combination; and 
n-paraffinic mineral oils. In the case of using two or more of 
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2 
the refining processes, the processes can be combined in any 
Suitable order or one particular refining process can be 
repeated a plurality of times under different conditions. 

Although not restricted, examples of Synthetic oils are one 
or more compounds Selected from poly-C-olefins Such as 
1-octene oligomer, 1-decene oligomer, and ethylene 
propylene oligomer, and hydrides thereof, isobutene oligo 
mers and hydrides thereof, isoparaffins, alkylbenzenes, 
alkylnaphthalenes, diesterS Such as ditridecyl glutarate, di-2- 
ethylhexyl adipate, diisodecyl adipate, ditridecyl adipate, 
and di-2-ethylhexyl Sebacate, polyol esterS Such as trimethy 
lolpropane caprylate, trimethylolpropane pelargonate, 
pentaerythritol-2-ethyl hexanoate, and pentaerythritol 
pelargonate, polyoxyalkylene glycol, dialkyldiphenyl ether, 
and polyphenyl ether. 

Needless to mention, there may be used a mixture of the 
mineral oils and the Synthetic oils mixed in any ratio, i.e., 
Semi-Synthetic oils as a base oil for the present invention. 

No particular limitation is imposed on the Viscosity of the 
lubricant base oils. However, the lower limit of kinematic 
viscosity at 100° C. is preferably 1.0 mm /s, and more 
preferably 2.0 mm/s, while the upper limit is preferably 10 
mm/s, and more preferably 8 mm/s. The use of a lubricant 
base oils with a kinematic viscosity at 100° C. of 1.0 mm/s 
or more makes it possible to produce a lubricant composi 
tion which can form oil film Sufficiently and is more excel 
lent in lubricity and more leSS in evaporation loSS under 
elevated temperature conditions. The use of a lubricant base 
oil with a kinematic viscosity at 100° C. of 10 mm/s or 
lower makes it possible to produce a lubricant composition 
which is reduced in fluid resistance, resulting in less friction 
resistance at Sites to be lubricated. 

Although not restricted, a lubricant base oil has a Viscosity 
index of preferably 50 or more, and more preferably 80 or 
more. The use of a lubricant base oil with a viscosity index 
of 50 or more makes it possible to produce a lubricant 
composition having the abilities to both form oil film and 
reduce fluid resistance. 

Although not restricted, a lubricant base oil has a pour 
point of preferably 0° C. or below, and more preferably -5 
C. or below. The use of a lubricant base oil having a pour 
point of 0° C. or below makes it possible to produce a 
lubricant composition which does not hinder the engine 
work. 

The lubricant composition of the present invention nec 
essarily contains a lubricant base oil, (A) a mono Substituted 
amide type bisSuccinimide, (B) Zinc dithiophosphate, and 
(C) a metal-based detergent. 

Specific examples of (A) a mono Substituted amide type 
bisSuccinimide are compounds represented by formula (1) 
below and derivatives thereof: 
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N-CH-CH-NH-C-C-C-C 
R5 

H R2 R4 H 
O 3. 

In formula (1), R', R R, and R" are each independently 
hydrogen, an alkyl or alkenyl group having 1 to 24 carbon 
atoms or an alkoxy group having 1 to 24 carbon atoms. 

Specific examples of the alkyl or alkenyl group having 1 
to 24 carbon atoms are Straight-chain or branched alkyl 
groupS Such as methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, 
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, and tetra 
cosyl groups, and Straight-chain or branched alkenyl groups 
Such as butenyl, pentenyl, hexenyl, heptenyl, octenyl, 
nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, 
tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl, 
octadecenyl, nonadecenyl, eicose nyl, heneicosenyl, 
docoSenyl, tricoSenyl, and tetracoSenyl groups. 

Specific examples of the alkoxy group having 1 to 24 
carbon atoms are alkoxy groups of which alkyl may be 
Straight-chain or branched, Such as methyloxy (methoxy), 
ethyloxy (ethoxy), propyloxy (propoxy), butyloxy (butoxy), 
pentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy, 
decyloxy, undecyloxy, dodecyloxy, tride cyloxy, 
tetradecyloxy, pentadecyloxy, hexadecyloxy, heptadecyloxy, 
octadecyloxy, nonadecyloxy, eicosyloxy, heneicosyloxy, 
docosyloxy, tricosyloxy, and tetracosyloxy groups. 

Preferred for R', R, R, and R are hydrogen, alkyl 
groups having 1 to 12 carbon atoms, and alkoxy groups 
having 1 to 12 carbon atoms with the objective of an 
excellent detergent effect. 

In formula (1), R and R are each independently a 
Straight-chain or branched alkyl or alkenyl group having 40 
to 400 carbon atoms. Preferred for R and Rare branched 
alkenyl groups derived from polypropylene, polybutene or 
polyisobutylene each having a number-average molecular 
weight of preferably 800 to 3500, and more preferably 900 
to 2600, and hydrides of these alkenyl groups, i.e., branched 
alkyl groups. The terms “polybutene” and “polyisobutylene’ 
designate those obtained by polymerizing a butene mixture 
or a highly purified isobuten using an aluminum chloride 
based catalyst or a boron fluoride based catalyst. No par 
ticular limitation is imposed on the method of producing 
them. 

In formula (1), a and b are each independently an integer 
of 1 to 5. With the objective of an excellent detergent effect, 
a and b are each preferable 2 to 4, and more preferably 3 or 
4. 

No particular limitation is imposed on the method of 
producing the above-described primary amide type bisSuc 
cinimide. However, a preferred method is exemplified as 
follows. 

That is, the method is conducted reacting a monoSuccin 
imide represented by formula (2) below with an organic 
carboxylic acid represented by formula (3) below: 

N- CH2- CH2 
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(1) 

O 

(2) 
O 

5 N-CH-CH-N-HH 
R 

H 

O 3. 

wherein R is the same as R or R in formula (1), and a is 
the same integer as a or b in formula (2); 

(3) 
R1 R3 

HOOC-C-C-COOH 

wherein R', R, R, and R" are each independently the same 
as those in formula (1). 
No particular limitation is imposed on the conditions 

where the two components are brought in to a reaction. For 
example, a light lubricant base oil Solution containing 2 mols 
of monoSuccinimide of formula (2) is mixed with 1 mol of 
an organic carboxylic acid of formula (3) wherein R', R, 
R, and R' are each hydrogen, i.e., Succinic acid or an 
organic carboxylic acid of formula (3) wherein R', R, R, 
and R' are each methyl, i.e., 2,2,3,3-tetramethyl-1,4- 
butanedicarboxylic acid. The mixture is refluxed under a 
nitrogen atmosphere at a temperature of 70 to 180 C., 
preferably 90 to 160° C. for 1 to 5 hours, preferably 2 to 4 
hours and then distilled, thereby obtaining a primary amide 
type bisSuccinimide of formula (1) wherein R', R, R, and 
R" are each hydrogen. 

Derivatives of the above-described mono Substituted 
amide type bisSuccinimide are also eligible as Component 
(A) of the present invention. Specific examples of Such 
derivatives are polycarboxylic acid-modified compounds 
obtained by bringing the above-described mono substituted 
amide type bisSuccinimide into the reaction with polycar 
boxylic acid having 2 to 30 carbon atoms, Such as Oxalic 
acid, phthalic acid, trimellitic acid, and pyromellitic acid So 
as to neutralize or amidize the part or whole of the remaining 
amino and/or imino groups, Sulfur-modified compounds 
obtained by bringing the primary amide type bisSuccinimide 
into the reaction with a Sulfuric compound; and boron 
modified compounds obtained by modifying the primary 
amide type bisSuccinimide or polycarboxylic- or Sulfur 
modified compounds thereof with a boric compound, Such 
as boric acid, boric acid Salt and borate. 
The lower limit content of Component (A) in the lubricant 

composition of the present invention is 0.5 percent by mass 
and preferably 1.0 percent by mass based on the total mass 
of the composition, while the upper limit content is 20 
percent by maSS and preferably 15 percent by mass, based on 
the total mass of the composition. Component (A) in an 
amount of less than 0.5 percent by mass would be poor in the 
effect of inhibiting Sludge formation, while Component (A) 
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in an amount of exceeding 20 percent by mass would 
deteriorate the low temperature fluidity of the resulting 
lubricant composition. 

Zinc dithiophosphates, i.e., Component (B) which is one 
of the essential components of the present invention may be 
exemplified by compounds represented by formula (4) 

(4) 
7 9 

Sé AN/" 
Ro? N/ % Yor. 

Informula (4), R. R. R', and R' are each independently 
an alkyl or aryl group having 1 to 18 carbon atoms or an 
alkylaryl group having 7 to 18 carbon atoms. 

Specific examples of the alkyl group are methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexdecyl, 
heptadecyl, and octadecyl groups. Particularly alkyl groups 
having 3 to 8 carbon atoms are preferably used. These alkyl 
groups may be Straight-chain or branched. These alkyl 
groups include primary and Secondary alkyl groups. 
A mixture of C-olefins may be used as a raw material So 

as to introduce R", R, R, and R''. In such a case, the 
resulting compound of formula (4) is a mixture of Zinc 
dialkylthiophosphates which are different in the alkyl struc 
ture from each other. 

Specific examples of the aryl group are phenyl and 
naphthyl groups. 

Specific examples of the alkylaryl group are tolyl, Xylyl, 
ethylphenyl, propylphenyl, butylphenyl, pentylphenyl, 
heXylphenyl, heptylphenyl, octylphenyl, nonylphenyl, 
decylphenyl, undecylphenyl, and dodecylphenyl groups. 
These alkylaryl groups may be Straight-chain or branched 
and include all positional isomers. 

Specific examples of preferred Zinc dithiophosphates are 
Zinc dipropyldithiophosphate, Zinc dibutyldithiophosphate, 
Zinc dipentyldithiophoSpahte, Zinc dihexyldithiophoSpahte, 
Zinc dihepty ld it hiophosp a hite, and Zinc 
dioctyldithiophoSpahte, of which alkyl groups may be 
Straight-chain or branched, and mixtures thereof. 
Furthermore, Zinc dialkyldithiophosphates having alkyl 
groups having different carbon number (3 to 8 carbon atoms) 
or Structure in one molecule are also eligible. 
Any Suitable methods can be employed for producing 

Component (B), i.e., Zinc dithiophosphate. For example, an 
alcohol or phenol having hydrocarbon groups corresponding 
to R', R, R', and R' is reacted with phosphorus pentasul 
fide So as to produce dithiophosphate. The dithiophosphate 
is neutralized with Zinc oxide thereby obtaining Zinc dithio 
phosphate. The Structure of Zinc dithiophosphate varies 
depending on the type of alcohol. 
The lower limit content of Component (B) in the lubricant 

composition of the present invention is 0.05 percent by mass 
of phosphorus, and preferably 0.07 percent by mass of 
phosphorus, based on the total mass of the composition, 
while the upper limit content is 0.3 percent by mass of 
phosphorus, and preferably 0.25 percent by mass of 
phosphorus, based on the total mass of the composition. 
Composition (B) of less than 0.05 percent by mass of 
phosphorus would be poor in the enhancement of inhibiting 
sludge formation, while Composition (B) in excess of 0.3 
percent by mass of phosphorus would deteriorate the oxi 
dation Stability of the resulting lubricant composition. 

Component (C) is a metal-based detergent. No particular 
limitation is imposed on the total base number of the 
metal-based detergent. However, the lower limit of the total 
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6 
base number is preferably 20 mgKOH/g, and more prefer 
ably 100 mgKOH/g, while the upper limit is preferably 500 
mgKOH/g, and more preferably 450 mgKOH/g. A total base 
number less than 20 mgKOH/g is not preferred because the 
oxidation Stability of the resulting lubricant composition 
would be deteriorated, while a total base number in exceSS 
of 500 mgKOH/g is not preferred because the storage 
Stability of the resulting composition would be adversely 
effected. The term “total base number” used herein denotes 
a total base number measured by the perchloric acid poten 
tiometric titration method in accordance with Section 7 of 
JIS K2501 “ Petroleum products and lubricants 
Determination of neutralization number'. 

Specific examples of metal are alkaline metals. Such as 
Sodium and potassium, alkaline earth metals Such as 
magnesium, calcium, and barium, and zinc. Among these, 
particularly preferred are alkaline earth metals. 

Preferred metal-based detergents for Component (C) are 
one or more alkaline earth metal-based detergents Selected 
from the group consisting of: 

(C-1) alkaline earth metal Sulfonates having a total base 
number of 20 to 500 mgKOH/g; 

(C-2) alkaline earth metal phenates having a total base 
number of 20 to 500 mgKOH/g; and 

(C-3) alkaline earth metal Salicylates having a total base 
number of 20 to 500 mgKOH/g. 

Specific examples of the alkaline earth metal Sulfonates 
are alkaline earth metal Salts preferably magnesium Salt or 
calcium Salt of an alkyl aromatic Sulfonic acid obtained by 
Sulfonating an alkyl aromatic compound having a molecular 
weight of 100 to 1500, preferably 200 to 700. Specific 
examples of the alkyl aromatic Sulfonic acid are petroleum 
Sulfonic acids and Synthetic Sulfonic acids. 
The petroleum Sulfonic acid may be mahogany acid 

obtained by Sulfonating the alkyl aromatic compound con 
tained in the lubricant fraction of mineral oil or by-produced 
upon production of white oil. The Synthetic Sulfonic acid 
may be those obtained by Sulfonating alkylbenzene having 
a Straight-chain or branched alkyl group, which may be 
by-produced from a plant for producing alkylbenzene used 
as materials of detergents, or Sulfonating dinonylnaphtha 
lene. Although not restricted, there may be used fuming 
Sulfuric acid and Sulfuric acid as a Sulfonating agent. 

Specific examples of the alkaline earth metal phenates are 
alkaline earth metal Salts of alkylphenols having at least one 
Straight-chain or branched alkyl group of 4 to 30, preferably 
6 to 18 carbon atoms, alkaline earth metal Salts of alkylphe 
nolsulfides obtained by reacting an alkylphenol with an 
elementary Sulfur, and alkaline earth metal Salts of methyl 
ene bisalkylphenols obtained by Subjecting an alkylphenol 
and acetone to a condensation-dehydration reaction. Pre 
ferred are calcium phenate and/or magnesium phenate. Par 
ticularly preferred is calcium phenate. 

Specific examples of alkaline earth metal Salicylates are 
alkaline earth metal Salts of alkyl Salicylic acid having at 
least one Straight-chain or branched alkyl group of 4 to 30, 
preferably 6 to 18 carbon atoms. Particularly preferred are 
magnesium Salicylates and/or calcium Salicylates. 
No particular limitation is imposed on the production 

method of (C-1) alkaline earth metal sulfonates, (C-2) 
alkaline earth metal phenates, and (C-3) alkaline earth metal 
Salicylates. In other words, these basic Salts may be those 
obtained by reacting alkylaromatic Sulfonic acids, 
alkylphenols, alkylphenolsufllides, methylene bisalkylphe 
nols or alkyl Salicylic acid directly with an alkaline earth 
metal base Such as the oxide or hydroxide of an alkaline 
earth metal. 
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Furthermore, the basic salts may be those obtained by 
converting an alkylaromatic Sulfonic acids, alkylphenols, 
alkylphenolsufllides, methylene bisalkylphenols or alkyl 
Salicylic acid to an alkaline metal Salt Such as Sodium Salt 
and potassium Salt and then Substituting the alkaline metal 
by an alkaline earth metal Salt So as to obtain a neutral Salt 
which is then heated with an exceSS alkaline earth metal Salt 
or alkaline earth metal base, i.e., the hydride or oxidide of an 
alkaline earth metal in the presence of water. 

Furthermore, the basic acids may be alkaline earth metal 
carbonate-containing overbased Salts obtained by reacting 
the above-mentioned basic Salt or neutral Salt with an 
alkaline earth metal base in the presence of carbonic acid 
gaS. 

Furthermore, the basic acids may be alkaline earth metal 
borate-containing overbased Salts obtained by dispersing an 
alkaline earth metal base in the above-mentioned basic Salt 
or neutral Salt and reacting the dispersant with boric acid, 
boric acid Salt or borate So as to form potassium borate 
dispersant, or by reacting the above-described alkaline earth 
metal carbonate-containing overbased Salts with boric acid, 
boric acid Salt or borate So as to converting the dispersed 
alkaline earth metal carbonate to an alkaline earth metal 
borate. 

Specific examples of boric acid are orthoboric acid, 
metaboric acid, and tetraboric acid. Specific examples of 
boric acid Salt are alkali metal Salts, alkaline earth metal Salts 
or ammonium Salts of boric acid. More specific examples are 
lithium borates such as lithium metaborate, lithium 
tetraborate, lithium pentaborate, lithium perborate, Sodium 
borates Such as Sodium metaborate, Sodium diborate, Sodium 
tetraborate, Sodium pentaborate, Sodium hexaborate, and 
Sodium octaborate; potassium borates Such as potassium 
metaborate, potassium tetraborate, potassium pentaborate, 
potassium hexaborate, and potassium octaborate; calcium 
borates Such as calcium metaborate, calcium diborate, tri 
calcium tetraborate, pentacalcium tetraborate, and calcium 
hexaborate; magnesium borates Such as magnesium 
metaborate, magnesium diborate, trimagnesium tetraborate, 
pentamagnesium tetraborate, and magnesium hexaborate; 
and ammonium borates Such as ammonium metaborate, 
ammonium tetraborate, ammonium pentaborate, and ammo 
nium octaborate. Borates may be esters of boric acid with an 
alkyl alcohol having 1 to 6 carbon atoms. Specific examples 
are monomethylborate, dimethylborate, trimethylborate, 
monoethylborate, diethylborate, triethylborate, 
monopropylborate, dipropylborate, tripropylborate, 
monobutylborate, dibutylborate, and tributylborate. 

These reactions may be carried out in a Solvent, for 
example, an aliphatic hydrocarbon Solvent Such as hexane, 
an aromatic hydrocarbon Solvent Such as Xylene and a light 
lubricant base oil. Commercially available metallic deter 
gents are usually diluted with a light lubricating base oil. It 
is preferred to use metal-based detergents of which metal 
content is within the range of 1.0 to 20 percent by mass, 
preferably 2.0 to 16 percent by mass. 
The lower limit content of Component (C) in the lubricant 

composition of the present invention is 0.5 percent by mass 
of sulfated ash, and preferably 0.7 percent by mass of 
Sulfated ash, based on the total mass of the composition, 
while the upper limit content is 4.0 percent by mass of 
sulfated ash, and preferably 3.5 percent by mass of Sulfated 
ash, based on the total mass of the composition. Component 
(C) of less than 0.5 percent by mass of sulfated ash would 
be poor in the enhancement of inhibiting Sludge formation. 
Component (C) in excess of 4.0 percent by mass of Sulfated 
ash would deteriorate the oxidation stability of the resulting 
composition. 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
The term "sulfated ash' used herein denotes the amount 

of Sulfated ash measured in accordance with Section 5 
“Testing Method of Sulfated Ash” prescribed in JIS K2272 
1985 “Testing Methods for Ash and Sulfated Ash of Crude 
Oil and Petroleum Products 
The lubricant composition of the present invention as it is 

exhibits an excellent effect of inhibiting Sludge formation 
but may be blended with dispersant type viscosity index 
improvers hereinafter referred to as Component (D). 

Specific examples of the dispersion type Viscosity indeX 
improvers are those obtained by introducing an oxygen 
containing group into homopolymers and copolymers of one 
or more monomerS Selected from compounds represented by 
formulae (5), (6), and (7), and hydrides of the polymers; and 
copolymers of (D-1) one or more monomers Selected from 
compounds represented by formulae (8), (9), and (10) and 
(D-2) one or more monomers Selected from compounds 
represented by formulae (5), (6), and (7) and hydrides of the 
copolymers. 

Formula (5) is represented by 

(5) 
R11 

CH-C 

wherein R' is hydrogen or methyl, R' is an alkylene group 
having 1 to 18 carbon atoms, X is an amine- or 
heterocyclic-residue having 1 or 2 nitrogen and 0 to 2 
oxygen, and a is an integer of 0 or 1. 

Specific examples of the alkylene group having 1 to 18 
carbon atoms are ethylene, propylene, butylene, pentylene, 
heXylene, heptylene, octylene, nonylene, decylene, 
undecylene, dodecylene, tridecylene, tetradecylene, 
pentadecylene, hexadecylene, heptadecylene, and octade 
cylene groups, of which alkyl groups may be Straight-chain 
or branched. 

Specific examples of the group for X" are dimethylamino, 
diethylamino, dipropylamino, dibutylamino, anilino, 
toluidino, Xylidino, acetylamino, benzoylamino, 
morpholino, pyrolyl, pyridyl, methylpyridyl, pyrolidinyl, 
piperidinyl, quinonyl, pyrrollidonyl, pyrrollidono, 
imidazolino, and pyrazino groups. 

Formula (6) is represented by 

(6) 

wherein R is hydrogen or methyl and X is an amine- or 
heterocyclic-residue having 1 or 2 nitrogen and 0 to 2 
OXygen. 

Specific examples of the groups for X’ are 
dimethylamino, diethylamino, dipropylamino, 
dibutylamino, anilino, toluidino, Xylidino, acetylamino, 
benzoylamino, morpholino, pyrolyl, pyridyl, methylpyridyl, 
pyrollidinyl, pipe ridinyl, quinonyl, pyrrollidonyl, 
pyrrollidono, imidazolino, and pyrazino groups, and 
monoalkylethers of polymers of alkyleneoxide having 2 to 4 
carbon atoms. 
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Formula (7) is represented by 

(7) 
R14 
M 

CHF V 
(OR 15--OR 16 

wherein R' is hydrogen or methyl, R' is an alkylene group 
having 1 to 6 carbon atoms, R' is an alkyl group having 1 
to 18 carbon atoms, and b is an integer of 0 to 10. 

Specific examples of the alkylene group having 1 to 6 
carbon atoms for R' are methylene, ethylene, propylene, 
butylene, pentylene, and hexylene groups, of which alkyl 
groups may be Straight-chain or branched. 

Specific examples of the alkyl group having 1 to 18 
carbon atoms for R'are methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and octadecyl 
groups, all of which may be Straight-chain or branched. 

Formula (8) is represented by 

(8) 
R17 

CHFC 

COOR18 

wherein R'' is hydrogen or methyl, and R' is an alkyl group 
having 1 to 18 carbon atoms. 

Specific examples of the alkyl group having 1 to 18 
carbon atoms for R' are methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and octadecyl 
groups, all of which may be Straight-chain or branched. 

Formula (9) is represented by 

(9) 
R9 
M 

CHFC 

R10 

wherein R' is hydrogen or methyl, and R is a hydrocar 
bon group having 1 to 12 carbon atoms. 

Specific examples of the hydrocarbon group having 1 to 
12 carbon atoms for R'' are alkyl groups, which may be 
Straight-chain or branched, Such as methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, and 
dodecyl groups, alkenyl groups, which may be Straight 
chain or branched and the position of which the double bond 
may vary, Such as butenyl, pentenyl, hexenyl, heptenyl, 
octenyl, nonenyl, decenyl, undecenyl, and dodecenyl 
groups, cycloalkyl groups having 5 to 7 carbon atoms, Such 
as cyclopentyl, cyclohexyl, and cycloheptyl groups, alkyl 
cycloalkyl groups, of which the alkyl group may bonded to 
any position of the cycloalkyl group, having 6 to 11 carbon 
atoms, Such as methylcyclopentyl, dimethylcyclopentyl, 
methylethylcyclop enty l, diethylcyclop enty 1, 
methylcyclohexyl, dimethylcyclohexyl, 
methyl ethylcyclohexyl, diethylcyclohexyl, 
methylcyclohepty l, dimethylcyclohepty l, 
methylethylcycloheptyl, and diethylcycloheptyl groups, aryl 
groupS Such as phenyl and naphtyl groups, alkylaryl groups, 
of which the alkyl group may be Straight-chain or branched 
and bond to any position of the aryl group, having 7 to 12 
carbon groups, Such as toly 1, Xylyl, ethylphenyl, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
propylphenyl, butylphenyl, pentylphenyl, and hexylphenyl 
groups, and phenylalkyl groups, of which the alkyl group 
may be Straight-chain or branched, having 7 to 12 carbon 
atoms, Such as benzyl, phenylethyl, phenylpropyl, 
phneylbutyl, phenylpentyl, and phenylhexyl groups. 

Formula (10) is represented by 

(10) 

A M 
OEC = O 

Ye X4 

wherein X and X" are each independently hydrogen, an 
alkylalcohol residue having 1 to 18 carbon atoms repre 
sented by the formula -OR wherein R is an alkyl group 
having 1 to 18 carbon atoms or a monoalkylamine residue 
having 1 to 18 carbon atoms represented by the formula 
-NHR’ wherein R’ is an alkyl group having 1 to 18 
carbon atoms. 

Preferred monomers for Component (D-1) are alkylacry 
lates having 1 to 18 carbon atoms, alkylmethacrylates hav 
ing 1 to 18 carbon atoms, olefins having 2 to 20 carbon 
atoms Such as ethylene, propylene and 1-buten, Styrene, 
methylstyrene, maleic anhydride ester, maleic anhydride 
amide, and mixtures thereof. 

Preferred monomers for Component (D-2) are 
dime thy la mino methyl me thacrylate, 
diethyla mino methyl me thacrylate, 
dime thy la mino ethyl me thacrylate, 
diethylaminoethylmethacrylate, 2-methyl-5-vinylpyridine, 
morpholino methyl me thacrylate, 
morpholinoethylmethacrylate, N-vinylpyrrolidone, dimeth 
ylvinyl amine, diethylvinyl amine, etherified products of 
Vinylalcohol and polyethylene glycol monomethylether, 
etherified products of vinylalcohol and polyethylene glycol 
monoethylether, and mixtures thereof. 
When one or more monomerS Selected from compounds 

(D-1) is copolymerized with one or more monomers Selected 
from compounds (D-2), the molar ratio of (D-1) to (D-2) is 
arbitrary selected but is within the range of 80:20 to 95:5. 
Although no particular limitation is imposed on the copo 
lymerization method, Such copolymers are generally 
obtained by radical-Solution polymerization of Component 
(D-1) with Component (D-2) in the presence of a polymer 
ization initiator Such as benzoyl peroxide. 

Specific examples of Component (D) are dispersion type 
polymethacrylates, dispersion type ethylene-C-olefin 
copolymers, and hydrides thereof. 
The addition of one or more compounds Selected from 

Components (D), i.e., viscosity index improvers is contribu 
tive to the production of a lubricant composition which 
further excels in the abilities to inhibit sludge formation and 
to Suppress the increase of Viscosity occurring when mixed 
with Soot. 
No particular limitation is imposed on the molecular 

weight of Component (D). However, it is preferably selected 
in View of Shear Stability. Specifically, the weight-average 
molecular weight of the dispersion type polymethacrylates is 
preferably from 5,000 to 500,000, and more preferably 
10,000 to 400,000. The weight-average molecular weight of 
the dispersion type ethylene-C-olefin copolymers are pref 
erably from 800 to 500,000, and more preferably 10,000 to 
400,000. 
No particular limitation is imposed on the content of 

ethylene component in the dispersion type ethylene-C-olefin 
copolymers or hydrides thereof. However, the content of 
ethylene component is within the range of preferably 30 to 
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80 percent by mole, and more preferably 50 to 80 percent by 
mole, based on the total amount of ethylene and a-olefin. 
Preferred C-olefins are propylene and 1-butene. The former 
is more preferred. 
No particular limitation is imposed on the content of 

Component (D) in the lubricant composition of the present 
invention. The lower limit content is preferably 0.1 percent 
by mass or more, and more preferably 0.3 percent by mass 
or more, based on the total mass of the lubricant 
composition, while the upper limit content is preferably 20 
percent by mass or less, and more preferably 15 percent by 
mass or less. Component (D) of less than 0.1 percent by 
mass would be poor in the effect of enhancing the abilities 
to inhibit sludge formation and to Suppress the increase of 
the Viscosity occurring when being mixed with Soot. Com 
ponent (D) in excess of 20 percent by mass would deterio 
rate the low-temperature flowability of the resulting lubri 
cant composition. 

In the present invention, the blend of the above-described 
Components (A) thorough (C) with a lubricant base oil 
makes it possible to produce a lubricant composition which 
can exhibit the excellent effects to inhibit sludge formation 
and the increase of the Viscosity occurring when being 
mixed with Soot. However, the further addition of Compo 
nent (D) is contributive to the production of a lubricant 
composition which are Superior particularly in these effects. 

For the purpose of further enhancing these properties of 
the lubricant composition, it may be blended with known 
lubricant additives Such as ashless dispersants other than 
Components (A), Viscosity index improvers other than Com 
ponents (D), friction modifiers, extreme pressure agents, 
antiwear agents, rust inhibitors, corrosion inhibitors, oxida 
tion inhibitors, pour point depressants, rubber Swelling 
agents, anti-foaming agents and dyes. These additives may 
be used singlely or in combination. 

Examples of ashleSS dispersants other than Component 
(A) are mono type- or bis type-Succinimides having a 
polybutenyl group with a molecular weight of 700 to 3,500, 
benzylamines, alkylpolyamines, and those modified with 
boric compounds or Sulfuric compounds. 

Examples of Viscosity indeX improvers other than Com 
ponents (D) are non-dispersion type polymethacrylates, non 
dispersion type olefin copolymers, and hydrides thereof. 

Examples of friction modifiers are organic metal-based 
friction modifiers containing molybdenum compounds Such 
S molybdenum dithiophosphate S and 

molybdenumdithiocarbamates, aliphatic monohydric alco 
hols having at least one alkyl or alkenyl group having 6 to 
30 carbon atoms, fatty acids and derivatives thereof, and 
aliphatic amines and derivatives thereof. 

Eligible extreme pressure additives and antiwear agents 
are Sulfuric compounds and phosphorus compounds. 
Examples of the Sulfuric compounds are disulfides, olefin 
Sulfides, and Sulfurized fats and oils. Examples of the 
phosphorus compounds are phosphates, amine Salts of 
phosphates, and phosphites. 

Examples of the rust inhibitors are alkenyl Succinic acids, 
alkenylsuccinates, polyalcohol esters, petroleum Sulfonates, 
dinonylnaphthalene Sulfonates. 

refined mineral oil' mass % 
(A) succinimide A' mass % 
(A) succinimide B' mass % 
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Examples of the corrosion inhibitors are benzotriazole-, 

thiadiazole-, and imidazole-based compounds. 
Examples of oxidation inhibitors are phenol-, bisphenol 

and ester bond-containing phenol-based oxidation inhibitors 
and amine-based oxidation inhibitors. 

Examples of pour point depressants are polymerS Suitable 
for a lubricant base oil to be used, Such as polyacrylates and 
polymethacrylates. 

Examples of anti-foaming agents are slicones Such as 
dimethylsilicone and fluorosilicone. 
No particular limitation is imposed on the content of these 

additives. The content of anti-foaming agent is 0.005 to 1 
percent by weight, based on the total mass of the lubricant 
composition. The content of antiwear agents is 0.005 to 1 
percent by weight, based on the total mass of the lubricant 
composition. The content of each of the other additives is 
0.05 to 15 percent by weight, based on the total mass of the 
lubricant composition. 
The lubricant composition of the present invention is 

preferably used as gasoline engine oils for automobiles and 
motorcycles and also used in place of lubricants having a 
problem of sludge formation caused by deterioration of a 
lubricant by being heated or oxidized, Such as diesel engine 
oils, gear oils for automobiles, fluids for automatic trans 
mission and continuously variable transmissions, shock 
absorber oils, and hydraulic oils. 
The present invention will be described in more details 

with reference to the following examples and comparative 
examples but are not limited thereto. 

EXAMPLES 1 TO 8, AND COMPARATIVE 
EXAMPLES 1 TO 5 

Lubricant compositions of Examples 1 to 8 according to 
the present invention are prepared in accordance with the 
formulations indicated in Table 1. Each of the compositions 
was Subjected to the following test for evaluating the prop 
erties and the results are also shown in Table 1. Lubricant 
compositions of Comparative Examples 1 to 5 were also 
prepared in accordance with the formulations indicated in 
Table 1. These compositions were also Subjected to the same 
test, and the results are shown in Table 1 as well. 
Test for Evaluating the Ability to Inhibit Sludge Formation 
2.5g of tetralin and 2 g of dicyclopentadiene were added 

to 50 g of each lubricant composition. An NOx mixed gas 
(NO concentration: 5,000 ppm) was blown into the mixture 
maintained at a temperature of 140 C., at a rate of 160 
ml/minute. After 16 hours, the insoluble n-pentane (A 
method) of each composition was measured in accordance 
with “Test Method of Insolubles in Used Lubricant' pre 
Scribed in JPI 5S-18-80. 

This test evaluates the ability to inhibit sludge formation 
of engine oils. The less value indicates better in the ability 
to inhibit sludge formation. 

TABLE 1. 

Examples 

1. 2 3 4 5 6 7 8 

90.5 90.5 89.5 85.5 89.5 87.5 85.5 85.5 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5.0 
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TABLE 1-continued 

succinimide C'' mass % 1.O 
(B) zinc dithiophosphate mass % 1.5 1.5 1.5 
(B) amount of phosphorus mass % (0.09) (0.09) (0.09) 
(C) Casulfonate mass % 3.0 3.0 3.0 
(C) Caphenate mass % 
(C) Casalicylate mass % 
(C) amount of sulfated ash mass % (1.3) (1.3) (1.3) 
(D) viscosity index improver A mass % 
(D) viscosity index improver B' mass % 
viscosity index improver C" mass % 
sludge inhibiting capabilities O34 O.33 O.3 
n-pentane insolubles (A method) mass % 

5.0 
O.32 O.32 O.33 O.2O O.19 
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1.5 1.5 1.5 1.5 1.5 
(0.09) (0.09) (0.09) (0.09) (0.09) 
3.0 3.0 3.0 

4.0 
6.O 

(1.3) (1.3) (13) (1.3) (13) 
5.0 

5.0 

Comparative Examples 

1. 2 

refined mineral oil' mass % 95.5 90.5 
(A) succinimide A' mass % 
(A) succinimide B' mass % 
succinimide C mass % 5.0 
(B) zinc dithiophosphate mass % 1.5 1.5 
(B) amount of phosphorus mass % (0.09) (0.09) 
(C) Casulfonate mass % 3.0 3.0 
(C) Ca phenate mass % 
(C) Casalicylate mass % 
(C) amount of sulfated ash mass % (1.3) (1.3) 
(D) viscosity index improver A mass % 
(D) viscosity index improver B' mass % 
viscosity index improver C" mass % 
sludge inhibiting capabilities 1.89 O.68 
n-pentane insolubles (A method) mass % 

1) hydro-refined mineral oil (kinematic viscosity:4 mm /s 
at 100° C., viscosity index:120) 

2) mono Substituted amide type bispolyisobutenyl Succin 
imide represented by the following formula (diluted 
product nitrogen content 2.1% by mass) 

O O 
O H H O 
| | | || R 

s to its R 

H J H H H 4. 
O O 

R:polyisobutenyl group derived from polyisobutene having 
a number-average molecular weight of 1,000 

3) mono Substituted amide type bispolyisobutenyl Succin 
imide represented by the following formula (diluted 
product: nitrogen content 2.0% by mass) 

O O 

O CH, CHO 
I R 

N CHCH c---c CHCH N R 

HJ, CH, CH, LH 4. 
O O 

R:polyisobutenyl group derived from polyisobutene having 
a number-average molecular weight of 1,000 

4) bispolybutenyl Succinimide (bis type, number-average 
molecular weight of polybutenyl group: 1,000, nitrogen 
content:2.0% by mass) 

5) zinc dialkyldithiophosphate (zinc content:8.2% by 
mass, phosphorus content:6.3% by mass) alkyl group 
2-ethylhexyl group 
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3 4 5 

89.5 92.0 93.5 
5.0 5.0 

5.0 
1.5 1.5 

(0.09) (O) (0.09) 
3.0 

4.0 

(1.3) (1.3) (O) 

0.71 1.68 0.97 

6) Overbased calcium Sulfonate containing calcium car 
bonate (total base number:320 mgKOH/g, calcium 
content 12.5% by mass, sulfated ash content 42.5% by 
mass) 

7) overbased calcium phenate containing calcium carbon 
ate (total base number:250 mgKOH/g, calcium content 
9.25% by mass, sulfated ash content:31.5% by mass) 

8) overbased calcium Salicylate containing calcium car 
bonate (total base number: 170 mgKOH/g, calcium 
content 6.3% by mass, sulfated ash content:21.4% by 
mass) 

9) Viscosity index improver A:dispersion type, copolymer 
of ethylene, propylene, and 2-methyl-5-Vinylpyridine, 
weight-average molecular weight 260,000, nitrogen 
content:0.04% by mass 

10) Viscosity index improver B:dispersion type, copoly 
mer of alkylmethacrylate having 1 to 18 carbon atoms 
and N-Vinylpyrrolidone, weight-average molecular 
weight:230,000, nitrogen content:0.15% by mass 

11) Viscosity index improver C:non-dispersion type, 
ethylene-propylene copolymer, weight-average 
molecular weight:330,000 

As apparent from the results shown in Table 1, all of the 
lubricant composition prepared in Examples 1 to 8 had an 
excellent capability to inhibit sludge formation. Particularly, 
the lubricant compositions blended with Component (D), 
i.e., a dispersion type Viscosity indeX improver exhibited a 
more excellent capability to inhibit sludge formation. 

Whereas, the lubricant compositions of Comparative 
Example 1 where Component (A) was not contained, Com 
parative Examples 2 and 3 where a conventional Succinim 
ide was used instead of Component (A), Comparative 
Example (4) where Component (B) was not contained, and 
Comparative Example 5 where Component (C) was not 
contained, were extremely large in the amount of Sludge, 
compared with the lubricant composition of Examples 1 to 
8 and thus are inferior in capabilities of lubricants. 
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AS described above, the present invention can provide a 
lubricant composition which exhibits an extremely excellent 
capability to inhibit sludge formation. 
What is claimed is: 
1. A lubricant composition which comprises a lubricant 

base oil, and (A) a mono Substituted amide type bisSuccin 
imide in an amount from 0.5 to 20 percent by mass repre 
sented by formula (1) R' and Rare each independently a 
Straight-chain or branched alkyl or alkenyl group having 40 
to 400 carbon atoms, and a and b are each independently an 
integer of 1 to 5, below or derivatives thereof, 

(1) 
O O 

O R. R. O 
II I I II R6 

R first-ice-ch 2 4 HJ, R. R H b 
O O 

wherein R', R, R, and R' are each independently selected 
from the group consisting of hydrogen, an alkyl or alkenyl 
group having 1 to 24 carbon atoms, and an alkoxy group 
having 1 to 24 carbon atoms, R and Rare each indepen 
dently a Straight-chain or branched alkyl or alkenyl group 
having 40 to 400 carbon atoms, and a and b are each 
independently an integer of 1 to 5, (B) zinc dithiophosphate 
in an amount from 0.05 to 0.3 percent by mass of 
phosphorus, and (C) a metal-based detergent in an amount 
from 0.5 to 4.0 percent by mass of Sulfated ash, based on the 
total mass of the composition. 

2. The lubricant composition according to claim 1 which 
further comprises (D) a dispersion type Viscosity index 
improver in an amount from 0.1 to 20 percent by mass, 
based on the total mass of the composition. 

1O 
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3. The lubricant composition according to claim 1 

wherein Said Zinc dithiophosphate is a compound repre 
sented by the formula 

(4) 
7 9 

R \/ AN/" 
Ro? N/ % Yor 

wherein R,R,R, and R'' are each independently selected 
from the group consisting of an alkyl or aryl group having 
1 to 18 carbon atoms and an alkylaryl group having 7 to 18 
carbon atoms. 

4. The lubricant composition according to claim 1 
wherein Said metal-based detergent is one or more members 
Selected from the group consisting of alkaline earth metal 
sulfonates having a total base number of 20 to 500 mgKOH/ 
g; alkaline earth metal phenates having a total base number 
of 20 to 450 mgKOH/g; and alkaline earth metal salicylates 
having a total base number of 20 to 450 mgKOH/g. 

5. The lubricant composition according to claim 2, 
wherein Said dispersion type Viscosity indeX improver is one 
or more member Selected from the group consisting of 
dispersant type polymethacrylates, dispersant type ethylene 
C-olefin copolymers, and hydrides thereof. 

6. The lubricant composition according to claim 1 which 
further comprises one or more additives Selected from the 
group consisting of ashleSS dispersants other than Said 
Component (A), Viscosity index improvers other than Said 
Component (D), friction modifiers, extreme pressure agents, 
antiwear agents, rust inhibitors, corrosion inhibitors, oxida 
tion inhibitors, pour point depressants, rubber Swelling 
agents, anti-foaming agents and dyes. 

k k k k k 


